For wave energy to become a fully-fledged renewable and thus contribute to the much-needed decarbonisation of the energy mix, the effects of wave farms (arrays of wave energy converters) on coastal systems must be addressed. The objective of this work is to investigate the effects of wave farms on the longshore sediment transport and shoreline evolution of a gravel-dominated beach and, in particular, its sensitivity to the longshore position of the farm based on eight scenarios. Nearshore wave propagation patterns are computed by means of a spectral wave propagation model (SWAN), variations in sediment transport rates induced by the farm are calculated, and a one-line model is applied to determine the shoreline position and dry beach area. The significant wave height at breaking is reduced in the lee of the wave farm, dampening sediment transport. We find that changes in the dry beach area induced by the wave farm are highly sensitive to its alongshore position, and may result in: (i) erosion relative to the baseline scenario (without wave farm) in three of the eight scenarios, (ii) accretion in three other scenarios, and (iii) negligible effects in the remaining two. These results prove that the alongshore position of the wave farm controls the response of the beach to the extent that it may shift from accretionary to erosionary, and provide evidence of its effectiveness in countering erosion if appropriately positioned. This effectiveness opens up the possibility * Corresponding author *Revised manuscript with no changes marked (double-spaced and continuously LINE and PAGE numbered) Click here to view linked References of using wave farms not only to generate carbon-free energy but also to manage coastal erosion, thus strengthening the case for the development of wave energy.
to the effects of global warming (Payo et al., 2016; Sánchez-Arcilla et al., 2016; 26 Spencer et al., 2016) . 27 Many previous works have studied the impacts of wave farms on sandy to-coast distance (Abanades et al., 2015a) . 40 These works were mainly focused on storm conditions, while low-energy 41 conditions still need further study to be fully understood. In addition, sediment 42 transport patterns on sandy beaches differ from those in gravel and mixed sand-43 gravel coasts (Bergillos et al., 2016b; Buscombe and Masselink, 2006; Jennings 44 and Shulmeister, 2002; López et al., 2018) . Moreover, changes in the shoreline 45 of vulnerable systems such as deltaic areas also need to be understood if wave 46 farms are to be need for coastal protection in these areas, i.e., mitigating erosion 47 (Magaña et al., 2018; Pagán et al., 2016 Pagán et al., , 2017 Palazón et al., 2016) . Finally, (Mediterranean storms). The deep water significant wave height with non-87 exceedance probabilities of 50%, 90% and 99.9% are 0.5 m, 1.2 m and 3.1 m 88 respectively. The astronomical tidal range is 0.6 m and storm surges can exceed 89 0.5 m (Bergillos et al., 2016b) . 3. Material and methods 91 3.1. Wave farm geometry 92 In order to study the effects on wave energy farms in wave propagation pat-93 terns, longshore sediment transport and shoreline evolution in the study zone, 94 eight longshore locations of the wave farm (henceforth referred to as scenarios) 95 were analysed. The overtopping WEC WaveCat (Iglesias et al., 2009) was se-96 lected because its performance for coastal defence has been widely proven in 97 recent years (Abanades et al., 2014a (Abanades et al., ,b, 2015a . The layout proposed by Car-98 ballo and Iglesias (2013) was used, with the wave farm consisting of 11 WECs 99 distributed on two rows (Fig. 3) . The distance between adjacent WECs was 100 2D, where D = 90 m is the space between the two bows of the WaveCat. The 101 wave farms were located at a 30 m water depth, for these are the best positions 102 in terms of power and availability of the wave energy resource, according to Four sea states were modelled covering low-energy and storm conditions un-106 der both easterly and westerly waves. The 99.9th percentile of the significant 107 wave height in deep water (H s0 = 3.1 m) was selected as representative of 108 storm conditions; whereas H s0 = 0.5 m, corresponding to the 50th percentile, 109 stands for the low energy conditions. For these values of H s0 , the most frequent 110 associated values of spectral peak period were considered. Regarding wave di-111 rection, the most common values of easterly and westerly waves were studied.
112
The selected sea-state variables are summarized in Table 1 . They were modelled 113 for four different time periods (12, 24, 36, 48 h) to investigate the role of the 114 sea-state persistence in the shoreline response. The model was forced with data from the SIMAR point 2041080 ( Fig. 1 which was deduced for sandy, gravel and shingle beaches. It can be expressed 142 as follows:
115
where Q t,mass is the total longshore sediment transport rate (in kg/s), ρ s the 
where y s is the coastline position, x is the alongshore distance and D is a In order to assess and compare properly the reduction in significant wave 180 height at breaking produced by the different scenarios, the non-dimensional 181 wave height reduction (Rodriguez-Delgado et al., 2018) was used in this paper.
182
This parameter can be defined as:
with H s,br and H s,br0 the significant wave height at breaking in a particular tively; whereas the impact is considerably weaker in the case of scenarios 1 and 199 2, with η below 0.4%.
200
Regarding the low-energy conditions, the reduction achieved is higher in 201 relative terms, as shown by the non-dimensional wave height reduction. In the 202 case of the westerly mean direction, scenario 4 presents the highest alongshore-203 averaged value of η, (η = 22.2%), followed by scenario 5, with 18.4%. In scenario 204 3 this value is equal to 17%, whereas scenarios 2 and 6 lead to smaller differences: 205 6.3% and 5.3%, respectively. Scenarios 1, 7 and 8 do not produce significant scenarios. This parameter is described in the following equation:
where Q and Q 0 are the LST rates in a particular scenario and the scenario 0, the maximum value of τ is displaced towards the west and east, respectively.
225
The greatest value of the non-dimensional alongshore-averaged LST reduction 226 is achieved in scenario 4 with a 22%, followed by scenario 3, with a reduction 227 of 20.3%. The values induced by scenarios 2, 5 and 6 were significantly lower 228 (7.6%, 5.3% and 3.2% respectively); whereas in scenarios 1, 7 and 8 there is 229 almost no difference with respect to scenario 0 (τ < 1%).
230
Changes in LST rates between the current (no-farm) situation and the wave 231 farm scenarios are more pronounced under easterly storm conditions, partly 232 influenced by the wave height reduction (Fig. 5 ). In this case, τ value reaches 233 up to 44.6% in scenario 5; whereas the non-dimensional alongshore-averaged 234 LST rate reduction in scenarios 4 and 6 are 30.2% and 30.5%, respectively.
235
On the other hand, τ values in scenarios 3, 7 and 8 are 5.8%, 9.5% and 1.4%, is calculated as follows:
where ∆y and ∆y 0 are the total displacement of a generic shoreline point rela-257 tive to its initial position in the scenario considered and the baseline scenario, 
261
Under the westerly storm, scenarios 3 and 4 depicts accretion with respect 262 the baseline in the western part of the beach (close to Guadalfeo River mouth) 263 and erosion in the east end of Playa Granada (Fig. 7a2-b2 ). This accretion zone 264 is displaced towards the east in scenarios 5, 6 and 7, whereas the rest of the 265 scenarios do not show significant differences with respect the baseline. Scenarios averaged shoreline advance (-0.7%, -1.8%, -1.2% and -0.3%, respectively).
272
In the case of the easterly storm conditions, scenarios 1 and 2 do not pro-273 duce significant changes with respect the baseline (Fig. 8a1-b1 ). Scenario 3 274 shows some accretion, especially in the west part of the beach, whereas a larger 275 accretion stretch is depicted in the central part of Playa Granada in scenario 4 276 ( Fig. 8a2-b2) . In scenario 5 the accretion is displaced towards the east, whereas 
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Finally, scenario 4 has the best performance under easterly low-energy con-291 ditions with υ = 13.1%, followed by scenarios 5 (υ = 10%) and 3 υ = 4%.
292
In the rest of the scenarios, erosion with respect the natural scenario domi- 
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Under westerly storm conditions, scenarios 4 to 7 show a positive difference 303 in dry beach area, i.e. accretion dominates (Fig. 9a1 ). Scenarios 6 and 5 lead to 304 the greatest gain in dry beach surface (26 m 2 and 17 m 2 , respectively). However, 305 scenarios 1, 2, 3 and 8 induce a loss of dry beach area with respect to scenario 306 0; the greatest surface loss is obtained for scenario 2 (−10 m 2 ). Variations in 307 dry beach surface are more acute under easterly storm conditions (Fig. 9b1 ).
308
Positive surface balances (i.e., beach accretion) are obtained with scenarios 3, with respect to scenario 0 (−43 m 2 and −38 m 2 , respectively).
312
Results under low-energy westerly waves show a similar behaviour to these 313 under storm conditions, but with smaller differences between wave farm and 314 no-wave farm scenarios (Fig. 9a2) . Again, the best results in terms of gain in 315 dry beach area are obtained with scenarios 4, 5 and 6 (differences with respect 316 to scenario 0 of 0.9 m 2 , 1.7 m 2 and 1.8 m 2 , respectively). On the other hand, 317 scenarios 1, 2 and 3 are the worst for coastal protection purposes (differences 318 of −0.5 m 2 , −1 and −0.13, respectively); whereas scenarios 7 and 8 do not 319 show relevant differences compared to scenario 0 (Fig. 9a2 ). Under easterly 320 low-energy conditions, the loss of sediment extends to scenarios 6, 7 and 8,
321
while scenarios 4 and 5 keep the maximum ∆A (1 m 2 and 0.8 m 2 respectively).
322
Finally, changes in dry beach area are lower with scenarios 1 and 2 (Fig. 9b2 ).
323
In order to assess the effects of each scenario on the dry beach variation under 324 storm conditions, we computed the weighted values of dry beach area differences 325 between each scenario with wave farm and scenario 0 (Table 2) the reduction in LST rates is larger in scenario 4 (τ w = 26.6%) than scenario 343 5 (τ w = 24.8%). In this case, the maximum reduction in scenario 5 is found in 344 the central part, while in scenario 4 the maximum decrease is displaced towards 345 the west (Fig. 10b ). Finally, differences in the shoreline geometries show that, 346 in scenario 5, the shoreline retreats with respect to the no-wave farm scenario 347 on the west side, and dry beach surface is gained in the east part (Fig. 10c) .
348
On the other hand, in scenario 4, loss of dry beach surface occurs in the west 349 and east sections of the beach; while the dry beach area increases with respect 350 to scenario 0 in the central part of the shoreline. and coastal protection criteria, scenario 5 is the best option for installing a wave 391 farm.
392
The methodology described in this paper, which may be applied to other 393 coastal areas, constitutes a useful tool for the decision-making in the develop-394 ment of a wave farm, which considers not only the potential energy production, 395 but also the repercussion for the nearshore hydrodynamics, longshore sediment 396 sediment transport and shoreline morphology.
397
The significance of the results of this work is that they provide evidence 398 of the critical role played by the longshore position of the farm in determining 399 whether its effects are erosionary or accretionary. Furthermore, the results prove 400 that, if sited appropriately, a wave farm can be effective in countering erosion on 401 a gravel-dominated beach. Given the prevalence of gravel coastlines worldwide, 402 this finding is relevant in that it opens up the possibility of using wave farms 403 not only for carbon-free energy production but also for coastal protection. The 404 benefits accruing from the latter are externalities from the point of view of the 405 wave farm project. It these externalities are internalised by means of appropriate 406 schemes, i.e. if the benefits in terms of coastal protection for the community are 407 trasferred, albeit partially, to the wave farm developer in the form of subsidies, 408 tax breaks, or other appropriate incentives, they will make wave energy more 409 competitive vis-à-vis other renewables and thus contribute to its development. 
